Abstract
Introduction
There are many things that people need to survive, one of which is water. The need for water in the day to day activities of man includes for cooking, washing, drinking and for industrial activities [1] . In most urban-rural communities in the developing countries especially the Sub-Saharan Africa, surface waters (rivers, streams, and lakes among others) have been the most available sources of water used for domestic purposes [2] . With the development of civilization, increasing industrialization and application of various fertilizers, pesticides, careless dumping, discharge of solids and liquids water sources, the Earth planet is continuously getting polluted conducing various sources water unfit for use [3] . One of the most important environmental problems in river water quality is eutrophication [4] [5] . In Poland, as defined in the act of the Water Law [6] , eutrophication is the enrichment of the water with nutrients, especially nitrogen and phosphorus compounds, which cause accelerated growth of algae and higher forms of plant life, as a result of which undesired disturbances of water ecosystems and the deterioration of water quality take place [7] . The water becomes turbid with decaying organic matter from plants and animals and the supply of dissolved oxygen in the water becomes depleted by the rapidly growing plants. The absence of oxygen causes anaerobic bacteria to attack organic matter thus releasing hydrogen sulphide [8] . Water quality monitoring is an essential tool used by environmental agencies to gauge the quality of surface water and to make management decisions for improving or protecting the intended uses [9] . Several indicators, indexes and models have been developed to assess eutrophication and water quality in aquatic ecosystems based on chemical, physical and biological parameters [10] . Trophic state index is one of the most effective tools to communicate information on water quality to the concerned citizens and policy makers. The trophic state of a freashwater ecosystem reflects its environmental quality [10] . Carlson's trophic state index (TSI) is the most widely used in freshwater bodies [11] . It, thus, becomes an important parameter for the assessment and management of surface water.
Kpassa reservoir has a vital value in north-east of Benin as it is the only water resource used for a sustainable water supply of Parakou city and around. Its water quality must then be constantly monitored to prevent its further degradation and promote its sustainable management. In addition since 2000, the reservoir was invaded by aquatic plants. This abnormal situation induced many studies on the water quality parameters related to eutrophication process [12] [13] . The physico-chemical properties and the trophic state of the reservoir have been investigated by [12] over the period of 2003 to 2006. Similar work was made by [13] in 2010. However, there is a lack of recent data on these characteristics of the reservoir. A continuous monitoring of water quality is very essential to determine the state of pollution in our rivers [8] [14] [15] and to promote their sustainable management. The present study aimed to update physical and chemical knowledge of Kpassa reservoir including its trophic status.
Materials and Methods

Study Area
Located at 13.5 km at east of Parakou city (N 09˚17'034; E 002˚43'975) in Borgou department, Kpassa reservoir on Okpara with an area of 190 ha [16] (Figure 1 ) has mainly the role to supply the 254,254 inhabitants [17] of Parakou in drinking water. Parakou city is located at N 09˚21' and E 02˚36' in north-east of Benin, at 450 km from the economic capital Cotonou and at an average altitude of 350 m [12] . Okpara is one of the tributaries of river Ouémé of Benin [18] .
The volume of water available in Kpassa reservoir is estimated at 8. 
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with depth varies between 1.5 and 8.5 m. It is cover on about 90% of its surface by aquatic plants [20] . Kpassa reservoir basin is under the influence of Soudanian wet tropical climate [16] . The rainy season go often from May to October and the dry season from November to April. The area is also under the influence of the continental alizé called harmattan [12] .
Sampling
Water samples were taken at 30 cm from the surface at eighteen stations each two months during the period from August 2014 to February 2015. Six stations were selected based on their accessibility and the potential pollution sources localization, and each one was then subdivided in three substations to densify the sampling network.
Station I (St1) was closer to the raw water pumping point of the national water company; station II (St2) was closer to the East shore of the reservoir where cultural practices was made; stations III (St3) and IV (St4) were located along the West shore of the reservoir near Kpassa village; Station V (St5) was located in the middle of the reservoir and station VI (St6) in upstream of the reservoir.
Analytical Methods
Water turbidity (Turb), temperature (Temp), pH, Dissolved Oxygen (DO) and Electrical conductivity (Cond) were measured in situ using Water quality meter WQC-24
(TOA DKK Corporation), water transparency (SD) using secchi disk, Total Dissolved Solid (TDS) using conductimeter WTW 3210 SET 1 and suspended matter (Susp) was measured using portable HACH DR890 colorimeter.
The HACH DR2800 spectrophotometer was used to analyze nitrate (λ = 400 nm), nitrite (λ = 507 nm), ammonia (λ = 4655 nm), orthophosphate (λ = 880 nm), total phosphorous (λ = 880 nm), and silica (λ = 815 nm), according to the [21] methods. The organic matter concentration (oxyd) was determined by permanganate oxydability method [22] and the content of chlorophyll a according to [23] method.
Eutrophication Limiting Factor Identification
N/P ratio was used to identify the eutrophication limiting element. N and P concentrations was calculated using PO − concentrations as follow:
The obtained N/P ratio data were compared with the standard [24] ratio (N/P = 16/1). Nitrogen or phosphorus is the limiting factor respectively if N/P ratio value is lower or upper than 16/1.
Trophic State Classification
The trophic state of the reservoir was estimated using [11] 
Statistical Analysis
Statistical analysis was made using the following tests:
• Descriptive statistics to obtain average value, median, standard deviation, minimum, maximum, range, of all measured parameters.
• Pearson and Spearman correlations to determinate the significance of relations between certain parameters.
• ANOVA and Kruskal-Wallis Test to compare sampling locations with each other. The analysis of variance was used after verify the normality of variables (One-Sample Kolmogorov-Smirnov Test) and the homogeneity of variances (Levene Test). When these conditions are not verified, ANOVA was not used but the Kruskal-Wallis Test.
The charts and the statistical tests were generated using SPSS (Statistical Package for the Social Sciences) software version 16.0.
Results and Discussion
The descriptive statistics of the limnological characteristics of Kpassa reservoir are shown in Table 1 . pH is the standard measure of how acidic or alkaline a solution is [2] . When pH is below 4, it creates acid pollution resulting in destruction of most of the vertebrates and microorganism [25] . The pH of Kpassa reservoir was found to have a mean value of 6.54. It tended to be acidic (min 4.65) in the wet season (August) at station St1-2 and neutral (max 7.30) in the dry season (February) at station St4-1. These result showed that the nature of the water of Kpassa reservoir is allowable for aquatic life. In comparison to the study of [12] , the mean pH value in the present study was greater by 0.34.
The water temperature plays an important role in the solubility of salts and gases. It is one of the most significant parameters which control inborn physical qualities of water [26] . Water . Considering the study of [12] , there was a decrease of the mean value by 2.15 in the present study. At the end of wet season (October), dissolved oxygen decreased leading to hypoxic conditions. According to [29] , the decrease of dissolved oxygen was mainly caused by the decomposition of organic compounds. Organic matter consumes oxygen for his decomposition.
Thus dissolved oxygen depletion observed in October could be due to the decomposition of organic matter probably produced by the macrophyte which covered Kpassa reservoir on around 90% of his surface [30] . Electrical conductivity is the measurement of the ability of a solution to carry electric current. Its ability is dependent upon the presence of ions in solution and its measurement is an excellent indicator of the total dissolved solid in matter [31] . Thus the significant correlation obtained between TDS and conductivity (r = 0.967; rs = 0.951) is normal ( Table 2 ). The highest value of conductivity (77 μS/cm) was observed in February at upstream of the reservoir (Station St 6-2) and the lowest value (55 μS/cm) in
October at the middle of the reservoir (Station St 5-3) . These values were upper than that determined by [12] (98 μS/cm). Low levels of conductivity observed in the present work could be due to the study period. Such period is characterized by little or no inflow which carried sediment and agricultural waste from the catchment area to increase the ion concentration in the reservoir.
TDS is causing by dissolved cation and anion species [32] . Turbidity of water is the presence of suspended and partial dissolved material in water sources [33] . Presence of decaying organic matter could also be attributed as the cause of the turbidity level [34] . The significant correlation noted between turbidity and suspended matter (r = 0.982; rs = 0.793) and turbidity and oxydability (r = 0.924; rs = 0.665) confirm these observations (Table 2) . Turbidity has also a significant correlation with chlorophyll a (r = 0.884; rs = 0.663) probably because phytoplankton contribute to the production of organic matter (Table 2) Table 2) . As oxydability and chlorophyll a also influence suspended matter, the significant correlations between suspended matter and oxydability (r = 0.919; rs = 0.602) and suspended matter and chlorophyll a (r = 0.879; rs = 0.656)
were expected (Table 2) .
Agricultural activities are considered as the major provider of nutrients in lakes, especially in the Mediterranean region, where agricultural sector comprises an important economic factor [37] . Nutrients are responsible for many problems not only for environment but also for human health. We have the total phosphorus (TP because of the dilution effect generated by streaming water coming from the catchment area as mentioned by previous study [12] . Most values of nitrite were also undetected throughout the study period. Nutrients disponibility in Kpassa reservoir is principally link to the progression of agricultural land in Okpara basin [38] . This basin is known for its agricultural vocation. Intense agricultural activity is practice by around 80% of the inhabitant of the study region and it is known that agricultural runoff contains high levels of phosphate, nitrogen, and pesticides. The main environment impact associated with nutrients is eutrophication. About it, previous studies [12] and [13] Table 2 ). This observation indicates the association between nitrogen nutrient pressure and phytoplankton response. Such association was not found between orthophosphate and chlorophyll a (r = 0.591; rs = 0.475) ( Table 2) .
Silica values were observed to be high (15.67 mg/L) in the month of October and minimun (4.34 mg/L) in August. The presence of silica throughout the sampling period could be due to the geochemical characteristics of the study area. Silica is an important constituents of different kinds of rock in Kpassa reservoir basin (57% to 74%) [12] .
Since Silica can be a limiting nutrient for diatoms' growth [35] , a strong correlation between SiO 2 and chlorophyll a is expected but Pearson and Spearman correlation coefficient (r = −0.373; rs = −0.321) showed a weak relation between them in the present study.
The N/P ratio ranged from 0.08 to 42.62. Most values were lower than Redfield's ratio of 16/1 [24] in wet season (August and October) indicated that nitrogen is the limiting factor of Kpassa reservoir eutrophication in this period. In dry season (December and February) the N/P ratio exceeded Redfield's ratio showing that the limiting element in this period was phosphorus. According to [12] , N/P ratio in Kpassa reservoir ranged between 4 and 100 one year to another independently of the seasons. This provides one explanation on the fact that [13] identified different limiting factor in Kpassa reservoir during the dry season. There was a strong negative correlation between N/P ratio and chl a (r = −0.617; rs = −0.625) ( Table 2 ). Similar result was found by [40] who showed on a series of lakes that the TN/TP ratio was negatively correlated with the chlorophyll a concentration. rences between sampling stations (Table 4 ). This result indicated that Kpassa reservoir is not horizontally stratified and this could be due to the fact that the reservoir is influenced by diffuse pollution (agricultural pollution) and climatic condition (air temperature). Previous study showed the vertical stratification of Kpassa reservoir [12] .
Conclusion
The present investigation showed that the physico-chemical properties of Kpassa reservoir were mainly influenced by agricultural non-point source pollution. The second 
